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Abstract
The cross sections for J/ψ absorption by pi and ρ mesons are studied in
a meson-exchange model that includes not only pseudoscalar-pseudoscalar-
vector-meson couplings but also three-vector-meson and four-point couplings.
We find that they are much larger than in a previous study where only
pseudoscalar-pseudoscalar-vector-meson couplings were considered. Includ-
ing form factors at interaction vertices, the J/ψ absorption cross sections σpiψ
and σρψ are found to have values on the order of 7 mb and 3 mb, respectively.
Their thermal averages in hadronic matter at temperature T = 150 MeV are,
respectively, about 1 mb and 2 mb.
PACS number(s): 25.75.-q, 14.40.Gx, 13.75.Lb
I. INTRODUCTION
A dense partonic system, often called the quark-gluon plasma (QGP), is expected to be
formed in heavy ion collisions at the Relativistic Heavy Ion Collider (RHIC), which will soon
start to operate at the Brookhaven National Laboratory. Of all experimental observables
that are sensitive to the presence of the QGP, charmonium is among the most promising
ones. In particular, the dissociation of charmoniums in QGP due to color screening would
lead to a reduction of their production in relativistic heavy ion collisions. The suppression
of charmonium production in these collisions has thus been proposed as a possible signature
for the formation of QGP [1]. Extensive experimental and theoretical efforts have been
devoted to study this phenomenon [2–6]. However, available experimental data on J/ψ
suppression in colliding systems ranging from pA to S+U are consistent with the scenario
that charmoniums are absorbed by target and projectile nucleons with a cross section of
about 7 mb [5]. Only in recent data from the Pb+Pb collision at Plab = 158 GeV/c in
the NA50 experiment at CERN [4] is there a large additional J/ψ suppression in high ET
events, which requires the introduction of other absorption mechanisms. While there are
suggestions that this anomalous suppression may be due to the formation of QGP [7,8],
other more conventional mechanisms based on J/ψ absorption by comoving hadrons have
also been proposed as a possible explanation [9,10]. Since the latter depends on the values of
J/ψ absorption cross sections by hadrons, which are not known empirically, it is important
to have better knowledge of the interactions between charmonium states and hadrons in
order to understand the nature of the observed anomalous charmonium suppression.
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Knowledge of J/ψ absorption cross sections by hadrons is also useful in estimating the
contribution of J/ψ production from charm mesons in the hadronic matter formed in rela-
tivistic heavy ion collisions. Since the charm meson to J/ψ ratio in proton-proton collisions
increases with energy, it has been shown that J/ψ production from hadronic matter may
not be negligible in heavy ion collisions at the Large Hadronic Collider energies [11,12]. To
use J/ψ suppression as a signature for the formation of QGP in these collisions thus requires
the understanding of both J/ψ absorption and production in hadronic matter.
Various approaches have been used in evaluating the charmonium absorption cross sec-
tions by hadrons. In one approach, the quark-exchange model has been used. An ear-
lier study based on this model by Martins, Blaschke, and Quack [13] has shown that
the J/ψ absorption cross section σpiψ by pions has a peak value of about 7 mb at
Ekin ≡
√
s − mpi − mψ ≃ 0.8 GeV, but a recent study by Wong, Swanson, and Barnes
[14] gives a peak value of only σpiψ ∼ 1 mb at the same Ekin region. In the perturbative
QCD approach, Kharzeev and Satz [15] have studied the dissociation of charmonium bound
states by energetic gluons inside hadrons. They have predicted that the dissociation cross
section increases monotonously with Ekin and has a value of only about 0.1 mb around
Ekin ∼ 0.8 GeV. In the third approach, meson-exchange models based on hadronic effec-
tive Lagrangians have been used. Using pseudoscalar-pseudoscalar-vector-meson couplings
(PPV couplings), Matinyan and Mu¨ller [16] have found σpiψ ≃ 0.3 mb at Ekin = 0.8 GeV. In
a more recent study, Haglin [17] has included also the three-vector-meson couplings (VVV
couplings) and four-point couplings (or contact terms), and obtained much larger values
of J/ψ absorption cross sections. Large discrepancies in the magnitude of σpiψ (as well as
σρψ) thus exist among the predictions from these three approaches, and further theoretical
studies are needed. In the present study, we use a meson-exchange model as in Ref. [17] but
treat differently the VVV and four-point couplings in the effective Lagrangian and also take
into account the effect of form factors at interaction vertices.
Our paper is organized as follows. In Sec. II, we introduce the effective hadronic La-
grangian that we use to obtain the relevant interactions among J/ψ and hadrons. The cross
sections for J/ψ absorption by π and ρ mesons are then evaluated. The amplitudes for
the coherent sum of individual diagrams are checked to ensure that the hadronic current is
conserved in the limit of zero vector meson masses. We then show in Sec. III the numerical
results for the cross sections and their dependence on the form factors at interaction vertices.
In Sec. IV, we compare our results with other models, and give more discussions on form
factors and the effect due to the finite ρ meson width. A summary is also given in this
section. In Appendix A, we discuss the determination of coupling constants based on the
vector meson dominance model. More detailed comparisons with the approach used in Ref.
[17] are given in Appendix B.
II. J/ψ ABSORPTION IN HADRONIC MATTER
A. Effective Lagrangian
The free Lagrangian for pseudoscalar and vector mesons in the limit of SU(4) invariance
can be written as
2
L0 = Tr
(
∂µP
†∂µP
)
− 1
2
Tr
(
F †µνF
µν
)
, (1)
where Fµν = ∂µVν − ∂νVµ, and P and V denote, respectively, the properly normalized 4× 4
pseudoscalar and vector meson matrices in SU(4) [18]:
P =
1√
2


pi0√
2
+ η√
6
+ ηc√
12
π+ K+ D¯0
π− − pi0√
2
+ η√
6
+ ηc√
12
K0 D−
K− K¯0 −
√
2
3
η + ηc√
12
D−s
D0 D+ D+s − 3ηc√12

 ,
V =
1√
2


ρ0√
2
+ ω
′√
6
+ J/ψ√
12
ρ+ K∗+ D¯∗0
ρ− − ρ0√
2
+ ω
′√
6
+ J/ψ√
12
K∗0 D∗−
K∗− K¯∗0 −
√
2
3
ω′ + J/ψ√
12
D∗−s
D∗0 D∗+ D∗+s −3J/ψ√12


. (2)
To obtain the couplings between pseudoscalar mesons and vector mesons, we introduce the
minimal substitution
∂µP → DµP = ∂µP − ig
2
[VµP ] , (3)
Fµν → ∂µVν − ∂νVµ − ig
2
[Vµ, Vν ] . (4)
The effective Lagrangian is then given by
L = L0 + ig
2
Tr
(
∂µP
[
P †, V †µ
]
+ ∂µP † [P, Vµ]
)
− g
2
4
Tr
([
P †, V †µ
]
[P, V µ]
)
+
ig
2
Tr
(
∂µV ν
[
V †µ , V
†
ν
]
+ ∂µV
†
ν [V
µ, V ν ]
)
+
g2
8
Tr
(
[V µ, V ν ]
[
V †µ , V
†
ν
])
. (5)
The hermiticity of P and V reduces this to
L = L0 + igTr (∂µP [P, Vµ])− g
2
4
Tr
(
[P, Vµ]
2
)
+ igTr (∂µV ν [Vµ, Vν ]) +
g2
8
Tr
(
[Vµ, Vν]
2
)
. (6)
Since the SU(4) symmetry is explicitly broken by hadron masses, terms involving hadron
masses are added to Eq.(6) using the experimentally determined values.
B. Effective Lagrangians relevant for J/ψ absorption
Expanding the Lagrangian in Eq.(6) explicitly in terms of the pseudoscalar meson and
vector meson matrices shown in Eq.(2), we obtain the following interaction Lagrangians that
are relevant for the study of J/ψ absorption by π and ρ mesons:
3
LpiDD∗ = igpiDD∗ D∗µ~τ ·
(
D¯∂µ~π − ∂µD¯~π
)
+H.c. , (7)
LψDD = igψDD ψµ
(
D∂µD¯ − ∂µDD¯
)
, (8)
LψD∗D∗ = igψD∗D∗
[
ψµ
(
∂µD
∗νD¯∗ν −D∗ν∂µD¯∗ν
)
+ (∂µψ
νD∗ν − ψν∂µD∗ν) D¯∗µ
+ D∗µ
(
ψν∂µD¯∗ν − ∂µψνD¯∗ν
)]
, (9)
LpiψDD∗ = −gpiψDD∗ ψµ
(
D∗µ~τD¯ +D~τD¯∗µ
)
· ~π , (10)
LρDD = igρDD
(
D~τ∂µD¯ − ∂µD~τD¯
)
· ~ρµ ,
LρψDD = gρψDD ψµD~τD¯ · ~ρµ ,
LρD∗D∗ = igρD∗D∗
[(
∂µD
∗ν~τD¯∗ν −D∗ν~τ∂µD¯∗ν
)
· ~ρµ + (D∗ν~τ · ∂µ~ρν − ∂µD∗ν~τ · ~ρν) D¯∗µ
+ D∗µ
(
~τ · ~ρν∂µD¯∗ν − ~τ · ∂µ~ρνD¯∗ν
)]
,
LρψD∗D∗ = gρψD∗D∗
(
ψνD∗ν~τD¯∗µ + ψ
νD∗µ~τD¯∗ν − 2ψµD∗ν~τD¯∗ν
)
· ~ρµ . (11)
In the above, ~τ are the Pauli matrices, and ~π and ~ρ denote the pion and rho meson isospin
triplets, respectively, while D ≡ (D0, D+) and D∗ ≡ (D∗0, D∗+) denote the pseudoscalar
and vector charm meson doublets, respectively. We note that exact SU(4) symmetry would
give the following relations among the coupling constants in the Lagrangian:
gpiDD∗ = gρDD = gρD∗D∗ =
g
4
, gψDD = gψD∗D∗ =
g√
6
,
gpiψDD∗ = gρψD∗D∗ =
g2
4
√
6
, gρψDD =
g2
2
√
6
. (12)
C. J/ψ absorption cross sections
The above effective Lagrangians allow us to study the following processes for J/ψ ab-
sorption by π and ρ mesons:
πψ → D∗D¯, πψ → DD¯∗, ρψ → DD¯, ρψ → D∗D¯∗. (13)
The corresponding diagrams for these processes, except the process πψ → DD¯∗, which has
the same cross section as the process πψ → D∗D¯, are shown in Fig. 1.
The full amplitude for the first process πψ → D∗D¯, without isospin factors and before
summing and averaging over external spins, is given by
M1 ≡Mνλ1 ǫ2νǫ3λ =

 ∑
i=a,b,c
Mνλ1i

 ǫ2νǫ3λ, (14)
with
Mνλ1a = −gpiDD∗gψDD (−2p1 + p3)λ
(
1
t−m2D
)
(p1 − p3 + p4)ν ,
Mνλ1b = gpiDD∗gψD∗D∗ (−p1 − p4)α
(
1
u−m2D∗
)[
gαβ − (p1 − p4)α(p1 − p4)β
m2D∗
]
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FIG. 1. Diagrams for J/ψ absorption processes: 1) piψ → D∗D¯; 2) ρψ → DD¯; and 3)
ρψ → D∗D¯∗. Diagrams for the process piψ → DD¯∗ are similar to (1a)-(1c) but with each particle
replaced by its antiparticle.
×
[
(−p2 − p3)βgνλ + (−p1 + p2 + p4)λgβν + (p1 + p3 − p4)νgβλ
]
,
Mνλ1c = −gpiψDD∗ gνλ. (15)
Similarly, the full amplitude for the second process ρψ → DD¯ is given by
M2 ≡Mµν2 ǫ1µǫ2ν =

 ∑
i=a,b,c
Mµν2i

 ǫ1µǫ2ν , (16)
with
Mµν2a = −gρDDgψDD (p1 − 2p3)µ
(
1
t−m2D
)
(p1 − p3 + p4)ν ,
Mµν2b = −gρDDgψDD (−p1 + 2p4)µ
(
1
u−m2D
)
(−p1 − p3 + p4)ν ,
Mµν2c = gρψDD gµν . (17)
For the third process ρψ → D∗D¯∗, the full amplitude is given by
M3 ≡Mµνλω3 ǫ1µǫ2νǫ3λǫ4ω =

 ∑
i=a,b,c
Mµνλω3i

 ǫ1µǫ2νǫ3λǫ4ω, (18)
with
Mµνλω3a = gρD∗D∗gψD∗D∗
[
(−p1 − p3)αgµλ + 2 pλ1gαµ + 2pµ3gαλ
] ( 1
t−m2D∗
)
5
×
[
gαβ − (p1 − p3)α(p1 − p3)β
m2D∗
] [
−2pω2 gβν + (p2 + p4)βgνω − 2pν4gβω
]
,
Mµνλω3b = gρD∗D∗gψD∗D∗ [−2pω1 gαµ + (p1 + p4)αgµω − 2pµ4gαω]
(
1
u−m2D∗
)
×
[
gαβ − (p1 − p4)α(p1 − p4)β
m2D∗
] [
(−p2 − p3)βgνλ + 2pλ2gβν + 2pν3gβλ
]
,
Mµνλω3c = gρψD∗D∗
(
gµλgνω + gµωgνλ − 2gµνgλω
)
. (19)
In the above, pj denotes the momentum of particle j. We choose the convention that particles
1 and 2 represent initial-state mesons while particles 3 and 4 represent final-state mesons
on the left and right sides of the diagrams shown in Fig. 1, respectively. The indices µ, ν, λ,
and ω denote the polarization components of external particles while the indices α and β
denote those of the exchanged mesons.
After averaging (summing) over initial (final) spins and including isospin factors, the
cross sections for the three processes are given by
dσ1
dt
=
1
96πsp2i,cm
Mνλ1 M∗ν
′λ′
1
(
gνν′ − p2νp2ν
′
m22
)(
gλλ′ − p3λp3λ
′
m23
)
, (20)
dσ2
dt
=
1
288πsp2i,cm
Mµν2 M∗µ
′ν′
2
(
gµµ′ − p1µp1µ
′
m21
)(
gνν′ − p2νp2ν
′
m22
)
, (21)
dσ3
dt
=
1
288πsp2i,cm
Mµνλω3 M∗µ
′ν′λ′ω′
3
(
gµµ′ − p1µp1µ
′
m21
)(
gνν′ − p2νp2ν
′
m22
)
×
(
gλλ′ − p3λp3λ
′
m23
)(
gωω′ − p4ωp4ω
′
m24
)
, (22)
with s = (p1 + p2)
2, and
p2i,cm =
[s− (m1 +m2)2] [s− (m1 −m2)2]
4s
(23)
is the squared momentum of initial-state mesons in the center-of-momentum (c.m.) frame.
D. Current conservation
The effective Lagrangian in Eq. (6) is generated by minimal substitution, which is
equivalent to treating vector mesons as gauge particles. To preserve the gauge invariance in
the limit of zero vector meson masses thus leads to both VVV and four-point couplings in
the Lagrangian. The gauge invariance also results in current conservation; i.e., in the limit
of zero vector meson masses, degenerate pseudoscalar meson masses, and SU(4) invariant
coupling constants, one has
Mλk...λln pjλj = 0 , (24)
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FIG. 2. J/ψ absorption cross section (without form factors) as a function of the c.m. energy
of initial-state mesons. The solid curve represents the total contribution from both piψ → D∗D¯
and piψ → D¯∗D processes.
where the index λj denotes the external vector meson j in process n shown in Fig. 1. This
then requires, e.g.,Mνλ1 p3λ = 0 andMµνλω3 p2ν = 0. In Appendix B, we shall explicitly check
that the amplitudes given in Eq. (15), as an example, satisfy the requirement of current
conservation.
III. NUMERICAL RESULTS
The coupling constant gpiDD∗ can be determined from the D
∗ decay width [19], and this
gives gpiDD∗ = 4.4. Using the vector meson dominance (VMD) model, we can determine
other three-point coupling constants. As shown in Appendix A, their values are
gρDD = gρD∗D∗ = 2.52 , gψDD = gψD∗D∗ = 7.64 . (25)
For the four-point coupling constants, there is no empirical information, and we thus use
the SU(4) relations to determine their values in terms of the three-point coupling constants,
i.e.,
gpiψDD∗ = gpiDD∗gψDD, gρψDD = 2 gρDDgψDD, gρψD∗D∗ = gρD∗D∗gψD∗D∗ . (26)
To obtain analytical expressions for the cross sections so that they can be directly included
into a computer code for numerical calculations, we have used the software package FORM
[20] to contract all Lorentz indices in Eq. (22).
A. Without form factors
Figure 2 shows the cross section of J/ψ absorption by π and ρ mesons as a function of
the c.m. energy
√
s of the two initial-state mesons. The cross section σpiψ, shown by the
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FIG. 3. Thermal average of J/ψ absorption cross section (without form factors) as a function
of temperature T.
solid curve, includes contributions from both πψ → DD¯∗ and πψ → D∗D¯, which have same
cross sections. It is seen that the three J/ψ absorption cross sections have very different
energy dependence near the threshold energy, max(m1+m2, m3+m4). While σpiψ increases
monotonously with c.m. energy, the cross section for the process ρψ → DD¯ decreases rapidly
with c.m. energy, and that for the process ρψ → D∗D¯∗ changes little with c.m. energy after
an initial rapid increase near the threshold.
The thermal average of these cross sections in a hadronic matter at temperature T is
given by
〈σv〉 =
∫∞
z0
dz [z2 − (α1 + α2)2] [z2 − (α1 − α2)2]K1(z) σ(s = z2T2)
4α21K2(α1)α
2
2K2(α2)
, (27)
where αi = mi/T (i = 1 to 4), z0 = max(α1+α2, α3+α4), Kn’s are modified Bessel functions,
and v is the relative velocity of initial-state particles in their collinear frame, i.e.,
v =
√
(k1 · k2)2 −m21m22
E1E2
. (28)
As shown in Fig. 3, 〈σpiψv〉 increases with increasing temperature, but 〈σρψv〉 varies
only moderately with temperature. The contribution of the process ρψ → DD¯ to 〈σρψv〉
is seen to decrease slightly with temperature. These features can be understood from the
energy dependence of the cross sections shown in Fig. 2 and the difference in their kinematic
thresholds (i.e., m3 + m4 − m1 − m2), which are about 0.64,−0.14, and 0.15 GeV for the
processes πψ → D∗D¯(DD¯∗), ρψ → DD¯, and ρψ → D∗D¯∗, respectively. The process
πψ → D∗D¯(DD¯∗) has the highest threshold, while the process ρψ → DD¯ is exothermic
and thus has no threshold. With a pion in the initial state, the process πψ → D∗D¯(DD¯∗)
requires very energetic pions to overcome the high energy threshold and thus has a small
thermal average 〈σpiψv〉 at low temperature. At higher temperature not only are there more
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energetic pions that are able to overcome the kinematic threshold but also the cross section
for the process πψ → D∗D¯(DD¯∗) increases with the c.m. energy as shown in Fig. 2;
〈σpiψv〉 thus increases strongly with temperature. For the process ρψ → DD¯, on the other
hand, its contribution to the thermal average 〈σρψv〉 decreases with temperature because
with increasing temperature there are fewer rho mesons at low energy, which contribute the
largest cross section. The contribution of the process ρψ → D∗D¯∗ to 〈σρψv〉 changes slowly
with temperature as a result of both the small threshold and the fact that the cross section
only weakly depends on the c.m. energy.
Compared with the results of Matinyan and Mu¨ller [16], we see that the inclusion of
the VVV and four-point couplings increases σpiψ by an order of magnitude. For the process
ρψ → DD¯, the decrease of its cross section after including four-point couplings is due to their
destructive interference with the PPV coupling terms. The process ρψ → D∗D¯∗ is entirely
due to VVV and four-point couplings and is seen to have a much larger cross section than
that for the process ρψ → DD¯. As a result, our effective Lagrangian including the VVV
and four-point couplings also significantly increases σρψ.
B. With form factors
To take into account the composite nature of hadrons, form factors need to be introduced
at interaction vertices. Unfortunately, there is no empirical information on form factors
involving charmoniums and charm mesons. We thus take the form factors as the usual
monopole form at the three-point t channel and u channel vertices, i.e.,
f3 =
Λ2
Λ2 + q2
, (29)
where Λ is a cutoff parameter, and q2 is the squared three momentum transfer in the c.m.
frame, given by (p1 − p3)2c.m. and (p1 − p4)2c.m. for t and u channel processes, respectively.
We assume that the form factor at four-point vertices has the form
f4 =
(
Λ21
Λ21 + q¯
2
)(
Λ22
Λ22 + q¯
2
)
, (30)
where Λ1 and Λ2 are the two different cutoff parameters at the three-point vertices present
in the process with the same initial and final particles, and q¯2 is the average value of the
squared three momentum transfers in t and u channels:
q¯2 =
[(p1 − p3)2 + (p1 − p4)2]c.m.
2
= p2i,c.m. + p
2
f,c.m. . (31)
For simplicity, we use the same value for all cutoff parameters, i.e.,
ΛpiDD∗ = ΛρDD = ΛρD∗D∗ = ΛψDD = ΛψD∗D∗ ≡ Λ, (32)
and choose Λ as either 1 or 2 GeV to study the uncertainties due to form factors.
Figure 4 shows the cross section as a function of the c.m. energy without and with form
factors. It is seen that form factors strongly suppress the cross sections and thus cause large
9
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FIG. 4. J/ψ absorption cross section as a function of the c.m. energy of initial-state mesons
with and without form factors.
uncertainties in their values. However, the J/ψ absorption cross sections remain appreciable
after including form factors at interaction vertices. The values for σpiψ and σρψ are roughly
7 mb and 3 mb, respectively, and are comparable to those used in phenomenological studies
of J/ψ absorption by comoving hadrons in relativistic heavy ion collisions [9,10,21]. The
thermal average of J/ψ absorption cross sections with and without form factors is shown in
Fig. 5. At the temperature of 150 MeV, for example, 〈σpiψv〉 and 〈σρψv〉 are about 1 mb
and 2 mb, respectively.
IV. DISCUSSIONS AND SUMMARY
In our study, the effective Lagrangian shown in Eq. (6) is obtained from applying the
minimal substitution of Eq. (3) and Eq. (4) to the free Lagrangian. The resulting PPV,
VVV, and four-point (PPVV and VVVV) interaction Lagrangians in Eq. (6) are exactly
the same as those in the chiral Lagrangian approach [22] 1. They are, however, different
from those used by Haglin [17]. The differences are shown in detail in Appendix B.
Values of the J/ψ absorption cross sections by hadrons obtained in our model are compa-
rable to those from Martins, Blaschke, and Quack [13], Haglin [17], and Wong, Swanson, and
Barnes [14], but are much larger than those from Kharzeev and Satz [15] and Matinyan and
Mu¨ller [16]. As shown in Fig. 2 and Fig. 3, our results without form factors are much larger
1Before checking the identity of our effective Lagrangian to the corresponding ones in the chiral
Lagrangian approach of Ref. [22], one should take notice of the different normalizations for the
coupling constant g and the meson matrices as well as the following typos in that paper. The
first part of Eq. (A2) in Ref. [22] should be U = exp
[
i
√
2
fpi
φ
]
, Eq. (A3) should be DµU =
∂µU − igALµU + igUARµ , and the first part of Eq. (A5) should be L(3)V φφ = −ig/2 Tr∂µφ [V µ, φ]+ · · ·.
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FIG. 5. Thermal-averaged cross section of J/ψ absorption as a function of temperature T
with and without form factors.
than those from Matinyan and Mu¨ller [16] because the latter only included pseudoscalar-
pseudoscalar-vector-meson couplings. As to the energy dependence of J/ψ absorption cross
sections, our results shown in Fig. 2 for the case without form factors are similar to those
from Matinyan and Mu¨ller [16] and Haglin [17], which are also based on effective hadronic
Lagrangians. Including form factors weakens the energy dependence of the absorption cross
sections as shown in Fig. 4. However, the decrease of the absorption cross sections with
energy is still not as fast as in quark-exchange models [13,14]. This difference could be due
to the fact that meson interactions in our effective hadronic Lagrangian approach involve
derivative couplings, leading thus to a strong momentum dependence in the matrix ele-
ments, while the nonrelativistic potential used in the quark-exchange model does not have
an explicit momentum dependence. Including the relativistic corrections to the quark-quark
potential will be useful for further studying the energy dependence of the J/ψ absorption
cross sections in the quark-exchange model.
Form factors involving charm mesons introduce significant uncertainties to our model
based on hadronic effective Lagrangians, because there is little experimental information
available. Four-point vertices appear in all processes in our study. If all vector mesons
are massless, it is possible to determine the form factor at a four-point vertex once form
factors at three-point vertices are chosen [23]. This is achieved through gauge invariance
by requiring current conservation for the total amplitude that includes the form factors.
Since the uncertainty of form factors involving charm mesons is already large for three-point
vertices and the gauge invariance is only exact when all vector mesons are massless, we
choose not to follow this more involved approach. Instead, we show the uncertainties due to
form factors by using two different values for the cutoff parameters.
We have used the centroid value for the ρ meson mass in this study. Since the ρ meson
width in vacuum is large (151 MeV), the threshold behavior of ρψ processes may change
significantly with the ρ meson mass. E.g., a rho meson with mass below 630 MeV changes
the process ρψ → DD¯ from exothermic to endothermic, and the energy dependence of the
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cross section near the threshold may thus change from fast decreasing (the dashed curve)
shown in Fig. 2 to fast rising (similar to the dot-dashed curve). On the other hand, a
rho meson with mass above 920 MeV changes the process ρψ → D∗D¯∗ from endothermic
to exothermic. We thus expect that the final value of the J/ψ absorption cross section by
rho mesons will be different once the ρ meson width is considered. However, the ρ meson
spectral function is further modified in the hadronic matter produced in heavy ion collisions
[24,25], so the effects of the rho meson width on J/ψ absorption in hadronic matter are more
involved. We therefore leave the effect of the ρ meson width on charmonium absorption to
a future study.
Finally, vector mesons are treated as gauge particles in our approach. Since the SU(4)
symmetry is not exact, it is not clear to what extent they can be treated as gauge particles.
An alternative approach [26] based on both chiral symmetry and heavy quark effective theory
may be useful in understanding the meson-exchange model we have used here.
In summary, we have studied the J/ψ absorption cross sections by π and ρ mesons in
a meson-exchange model that includes pseudoscalar-pseudoscalar-vector-meson couplings,
three-vector-meson couplings, and four-point couplings. We find that these cross sections
have much larger values than in a previous study, where only pseudoscalar-pseudoscalar-
vector-meson couplings were considered. Including form factors at the interaction vertices,
the values for σpiψ and σρψ are on the order of 7 mb and 3 mb, respectively, and their thermal
averages at the temperature of 150 MeV are roughly 1 mb and 2 mb, respectively. These
values are comparable to those used in the phenomenological studies of J/ψ absorption in
relativistic heavy ion collisions. Our results thus suggest that the absorption of J/ψ by
comoving hadrons may play an important role in the observed suppression.
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APPENDIX A
In this appendix, we determine the values of the coupling constants within the framework
of the VMD model. In the VMD model, the virtual photon in the process e−D+ → e−D+
is coupled to vector mesons ρ, ω, and J/ψ, which are then coupled to the charm meson. At
zero momentum transfer, the following relation holds:
∑
V=ρ,ω,ψ
γV gV D+D−
m2V
= e. (A1)
In the above, γV is the photon-vector-meson mixing amplitude and can be determined
from the vector meson partial decay width to e+e−, i.e.,
ΓV ee =
αγ2V
3m3V
, (A2)
with the fine structure constant α = e2/4π. The relative signs of γV ’s can be determined
from the hadronic electromagnetic current expressed in terms of quark currents [27]. Since
the virtual photon sees the charge of charm quark in the charm meson through the ψDD
coupling, we have the following relations:
γψgψD+D−
m2ψ
=
2
3
e,
γρgρD+D−
m2ρ
+
γωgωD+D−
m2ω
=
1
3
e. (A3)
Similarly, one has, from the process e−D0 → e−D0,
γψgψD0D¯0
m2ψ
=
2
3
e,
γρgρD0D¯0
m2ρ
+
γωgωD0D¯0
m2ω
= −2
3
e. (A4)
Using gρD+D− = −gρD0D¯0 = gρDD, gωD+D− = gωD0D¯0 = gωDD, and gψD+D− = gψD0D¯0 = gψDD
from isospin symmetry, we then have
γψgψDD
m2ψ
=
2
3
e,
γρgρDD
m2ρ
+
γωgωDD
m2ω
=
1
3
e, − γρgρDD
m2ρ
+
γωgωDD
m2ω
= −2
3
e. (A5)
From the above equations, we obtain the following coupling constants:
gρDD = 2.52 , gωDD = −2.84 , gψDD = 7.64 . (A6)
We note that in Ref. [16] the same VMD relations for gρDD and gψDD as our Eq. (A5) are
used but slightly different values, i.e., gρDD = 2.8 and gψDD = 7.7, are obtained.
Equations similar to Eq. (A5) can be written for kaons and pions in order to obtain gV KK
and gV pipi. The resulting coupling constants, multiplied by the corresponding prefactors in
the following SU(4) relations, are given in the parentheses for comparison:
gρpipi(5.04)= 2gρKK(5.04) = 2gρDD(5.04) =
√
6
2
gψDD(9.36) . (A7)
We note that |gρpipi| is 6.06 if it is determined from the ρ meson decay width to two pions.
It is seen that the predicted values differ only slightly from the above SU(4) relation except
the coupling constant gψDD. This may indicate a sizable uncertainty in the ψDD coupling.
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APPENDIX B
In this appendix, we discuss in detail the differences between our approach and that
of Ref. [17]. In particular, we compare the general effective Lagrangian for interacting
pseudoscalar and vector mesons and the specific interaction Lagrangians for J/ψ scattering
by pion and rho meson in the two approaches. We also examine the condition of current
conservation for the amplitudes derived from the two approaches.
A. General effective Lagrangian
In both approaches, one starts from the same free Lagrangian of Eq. (1). But our
matrices for P and V differ from those of Ref. [17] by a factor of 1/
√
2 as given recently
in Ref. [28]. For the minimal substitutions given in Eq. (3) and Eq. (4) for obtaining the
interaction Lagrangians, the first one is the same in the two approaches but the second one
is different. Instead of the factor g/2 in the last term of Eq. (4), Ref. [17] uses g. As a
result, the effective Lagrangian given by Eq. (2) in Ref. [17] has the following form:
lint = igTr (PV
µ∂µP − ∂µPVµP ) + 1
2
g2Tr (PV µVµP − PV µPVµ)
+ igTr (∂µV ν [Vµ, Vν] + [V
µ, V ν ] ∂µVν) + g
2Tr (V µV ν [Vµ, Vν ]) ,
= igTr (∂µP [P, Vµ])− g
2
4
Tr
(
[P, Vµ]
2
)
+ 2igTr (∂µV ν [Vµ, Vν ]) +
g2
2
Tr
(
[Vµ, Vν]
2
)
. (B1)
This Lagrangian differs from ours in the three- (VVV) and four- (VVVV) vector meson
couplings. Compared with our Eq. (6), we find that our VVV and VVVV terms are a factor
of 2 and 4 smaller than corresponding ones in Ref. [17], respectively.
We note that the above differences in the effective Lagrangians used in the two approaches
cannot be due to a redefinition of fields. To see this, we rescale the coupling g and the fields
P and V by cg, cP , and cV , separately, then the relative ratios of the PVV, PPVV, VVV,
and VVVV terms are given by
cgc
2
P cV , c
2
gc
2
P c
2
V , 2cgc
3
V , and 4c
2
gc
4
V . (B2)
It is obvious that these ratios cannot be changed to 1 simultaneously, as one needs cgcV = 1
from the ratio of the first two terms but 2cgcV = 1 from the ratio of the last two terms.
B. Lagrangians for the J/ψ interaction with pions and rho mesons
After expanding the general effective Lagrangian, we have Eq. (7) for the πDD∗ inter-
action, which should be compared with the following one in Ref. [17]:
lpiDD∗ =
i
2
g′piDD∗
(
D¯τiD
∗µ∂µπi − ∂µD¯τiD∗µπi − H.c.
)
, (B3)
where we have use g′ to label the coupling constant in Ref. [17]. It is seen that our coupling
constant gpiDD∗ is a factor of 2 smaller. Apart from the possible difference due to the
definition of D field, we have the same LpiDD∗ as Ref. [17].
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Compared to our ψDD interaction Lagrangian in Eq. (8), Ref. [17] has
lψDD = ig
′
ψDD ψ
µ
[
D¯∂µD − (∂µD¯)D
]
. (B4)
Apart from a possible sign difference in the definition of gψDD, both have the same LψDD.
Instead of our ψD∗D∗ interaction Lagrangian in Eq. (9), Ref. [17] has
lψD∗D∗ = −ig′ψD∗D∗ ψµ
[
D¯∗ν(∂µD
∗
ν)− (∂µD¯∗ν)D∗ν − (∂νD∗µ)D¯∗ν + (∂νD¯∗µ)D∗ν
]
. (B5)
Besides a possible sign difference in the definition of gψD∗D∗ , we have two more terms in
LψD∗D∗ , which involve the derivative of the J/ψ field, than in Ref. [17]. We note that the
cyclic form of our LψD∗D∗ yields the following factor for the three-vector meson vertex in a
Feynman diagram:
(p1 − p2)γgµν + (p2 − p3)µgνγ + (p3 − p1)νgγµ, (B6)
which looks exactly like the structure of the three-gluon vertex in QCD. A similar difference
appears between our approach and that of Ref. [17] for the ρD∗D∗ interaction Lagrangian.
We note that there may be typos in Ref. [17] for lψD∗D∗ and lρD∗D∗ , as D¯
∗D∗ and D∗D¯∗
cannot be both scalar.
For the πψDD∗ interaction Lagrangian, ours is given by Eq.(10) while that in Ref. [17]
is
lψpiDD∗ = −g′ψDDg′piDD∗ ψµD∗µτiD¯πi , (B7)
which is non-Hermitian and thus likely contains a typo.
C. Current conservation for piψ → D∗D¯
As pointed out in Sec. IID, in the limit of zero vector meson masses, degenerate pseu-
doscalar meson masses, and SU(4) invariant coupling constants, all amplitudes for the three
J/ψ absorption processes shown in Fig. 1 should satisfy the current conservation condition
of Eq. (24). Here, we consider the process πψ → D∗D¯ as an example and explicitly check
the current conservation condition in both our approach and that of Ref. [17]. For simplicity,
we take all meson masses to be zero.
1. Our approach
The three amplitudes for the process πψ → D∗D¯ are shown in Eq. (15). Multiplying
them by p2ν and omitting the common factor −gpiDD∗gψDD, we obtain
Mνλ1ap2ν =
p2 · (p1 − p3 + p4)
t
(−2p1 + p3)λ = (2p1 − p3)λ,
Mνλ1b p2ν =
(p1 + p4)
α
u
gαβ
[
(−p2 − p3)βgνλ + (−p1 + p2 + p4)λgβν + (p1 + p3 − p4)νgβλ
]
p2ν
=
(p1 + p4)β
u
[
−pβ3pλ2 + pβ2 (−p1 + p4)λ − ugβλ
]
=
[(−s+ t
2u
)
p3 − p1 − p4
]λ
,
Mνλ1c p2ν = pλ2 . (B8)
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Their sum is given by
Mνλ1 p2ν =
(−s+ t
2u
)
pλ3 ⇒ 0. (B9)
As indicated in the last step, it goes to zero when contracting with the external polarization
ǫ3λ of the charm vector meson. It is also straightforward to verify the current conservation
condition for Mνλ1 p3λ as shown later in Eq. (B16).
2. Approach of Ref. [17]
Using the interaction Lagrangians of Ref. [17] as explained in the above, we obtain the
following corresponding amplitudes for Eqs. (B3), (B4), (B5), and (B7):
mνλ1a =
g′piDD∗
2
g′ψDD (−2p1 + p3)λ
(
1
t−m2D
)
(p1 − p3 + p4)ν ,
mνλ1b =
g′piDD∗
2
g′ψD∗D∗ (p1 + p4)
α
(
1
u−m2D∗
)[
gαβ − (p1 − p4)α(p1 − p4)β
m2D∗
]
×
[
−pβ3gνλ + (−p1 + p4)λgβν + (p1 + p3 − p4)νgβλ
]
,
mνλ1c = −g′piDD∗g′ψDD gνλ. (B10)
Taking g′ψD∗D∗ = g
′
ψDD as in Eq. (5) of Ref. [17] and omitting the common factor
gpiDD∗gψDD/2, we obtain
mνλ1ap2ν = (2p1 − p3)λ,
mνλ1b p2ν =
(p1 + p4)
α
u
gαβ
[
−pβ3gνλ + (−p1 + p4)λgβν + (p1 + p3 − p4)νgβλ
]
p2ν
=
(p1 + p4)β
u
[
−pβ3pλ2 + pβ2 (−p1 + p4)λ − ugβλ
]
=
[(−s+ t
2u
)
p3 − p1 − p4
]λ
,
mνλ1c p2ν = −2pλ2 . (B11)
Their sum is thus
mνλ1 p2ν =
[(−s + t
2u
)
p3 − 3p2
]λ
⇒ −3pλ2 . (B12)
When contracting with the external polarization ǫ3λ of the charm vector meson, the first
term vanishes but the second remains as shown in the last step. Therefore, the current
conservation condition is not satisfied in Ref. [17].
To understand the above results, we compare the amplitudes given in Eq. (B11) against
Eq. (B8) and note the following two differences. (i) In m1b of Eq. (B11), the two terms
−pβ2gνλ + pλ2gβν involving the four-momentum of ψ in the ψD∗D∗ vertex are missing. (ii)
m1c in Eq. (B11) is a factor of −2 larger than ours [also see the comment after Eq. (B7)].
In calculating mνλ1 p2ν , the difference in (i) does not matter as it accidentally gives (−pβ2pλ2 +
pλ2p
β
2 ) = 0. The failure of satisfying the current conservation condition in Ref. [17] is thus
due to the difference in (ii).
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FIG. 6. Comparison of J/ψ absorption cross section by pions. The dashed curve represents
the result of Eq. (B11) based on the Lagrangian from Ref. [17]. The solid curve is the result from
Eq. (B11) by dividing the amplitude m1c by a factor of −2, which reproduces the result from Ref.
[17]. The circled curve is the result from Eq. (B8) based on our Lagrangian.
To see this more clearly, we show in Fig. 6 by the dashed curve the cross section for J/ψ
absorption by pions obtained from the amplitudes given in Eq.(B11) and using the coupling
constants g′piDD∗ = 8.8 and g
′
ψDD = g
′
ψD∗D∗ = 7.7 given in Ref. [17]. However, the results
are different from that shown in Fig. 1 of Ref. [17], which is reproduced here by the solid
curve in Fig. 6. We have found that to reproduce the results in Ref. [17] requires dividing
the amplitude m1c in Eq. (B11) by −2.
We note that although the current conservation condition is satisfied for mνλ1 p2ν when
m1c in Eq. (B11) is divided by a factor of −2, the current conservation condition for mνλ1 p3λ
remains violated. This is shown explicitly in the following.
From the amplitudes shown in Eq. (B11), we have, after omitting the common factor
g′piDD∗g
′
ψDD/2,
mνλ1ap3λ =
p3 · (−2p1 + p3)
t
(p1 − p3 + p4)ν = (p1 − p3 + p4)ν ,
mνλ1b p3λ =
(p1 + p4)
α
u
gαβ
[
−pβ3gνλ + (−p1 + p4)λgβν + (p1 + p3 − p4)νgβλ
]
p3λ
=
(p1 + p4)β
u
[
p3 · (−p1 + p4)gνβ + pβ3 (p1 − p4)ν
]
=
[
(p1 + p4)
−2 +
(
s− t
2u
)
(p1 − p4)
]ν
,
mνλ1c p3λ → mνλ1c p3λ/(−2) = pν3. (B13)
Their sum is
mνλ1 p3λ =
[
(p1 + p4)
2
+
(
s− t
2u
)
(p1 − p4)
]ν
, (B14)
which does not go to zero when contracting with the external polarization ǫ2ν .
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On the other hand, if we also add the two missing terms in lψD∗D∗ according to our Eq.
(9), i.e., adding −pβ2gνλ + pλ2gβν to the ψD∗D∗ vertex in m2b in Eq.(B11), we then have the
following additional contribution to mνλ1b p3λ:
(p1 + p4)β
u
(
−pβ2pν3 + p2 · p3gβ
ν
)
=
[
(p1 + p4)
−2 −
(
s− t
2u
)
p3
]ν
. (B15)
Combining the above two results gives
mνλ1 p3λ =
(
s− t
2u
)
(p1 − p4 − p3)ν =
(
s− t
2u
)
(−pν2)⇒ 0. (B16)
As shown in the last step, it vanishes when contracting with the external polarization ǫ2ν .
The results after eliminating both differences (i) and (ii), i.e., using our amplitudes given in
Eq. (B8), are shown by the circled curve in Fig. 6, which is only slightly different from our
results shown in Fig. 2 due to the different value for gψDD (7.7 vs 7.64).
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